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ABSTRACT
Backgrounds and the purpose of the study: Inducible NO synthase activity has been frequently 
reported in varicose veins. Aminoguanidine is known to inhibit iNOS. The aim of this study was 
to examine the effects of aminoguanidine on varicocelized rats.
Methods: Male Wistar rats were divided into groups A, B, C, D, E, and F (control group). Groups 
A, B, C, and D rats underwent left varicocele induction with a 20-gauge needle. Group E (sham) 
rats underwent a similar procedure, but the renal vein was left intact. Ten weeks after varicocele 
induction, sperm parameters were evaluated in groups D, E, and F. Groups A and B received 50 
mg/kg aminoguanidine or placebo, respectively, daily for 10 weeks. After 10 and 20 weeks of 
varicocele induction, the fertility outcomes of the experimental groups were evaluated.
Results: The values of the sperm parameters did not differ significantly between groups B and D, 
but were significant when compared with groups F and E (P ≤ 0.05). The values of the sperm 
parameters of groups F and E showed no significant changes (P ≤ 0.05). The changes between 
group A and groups B and D were significant (P ≤ 0.05).  Ten weeks after varicocele induction, rats 
of groups A, B, and C were still fertile. After 20 weeks, only half of the rats in group A were fertile. 
Conclusions: Aminoguanidine improved the sperm parameters and mating outcomes in 
vari-cocelized rats.
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INTRODUCTION
Varicocele is characterized by abnormal tortuosity 
and dilation of the gonadal veins that drain the testis 
(1–3). The prevalence of varicocele ranges from 
15% in the adult male population, among whom 
40℅ have primary infertility and up to 80℅ have 
secondary infertility (4, 5). Various mechanisms 
have been proposed to underlie testicular dysfunction 
in  varicocele,  including  reflux  of  adrenal  toxic 
metabolites, testicular hypoxia caused by venous 
stasis,  hormonal  deficiency,  increased  pressure 
in the internal spermatic vein, and elevated testicu-
lar temperature (2,                    4, 6). Reactive oxygen species 
(ROS), oxidative stress, and the physiological rate 
of formation of nitric oxide (NO) in particular play 
an important role in certain normal physiological 
processes in reproduction (7). NO is a free radical 
gaseous molecule synthesized from the catalytic 
reaction between l-arginine and different isoforms 
of  NO  synthase  (NOS)—constitutive  neuronal 
NOS  (nNOS),  endothelial  NOS  (eNOS),  and 
inducible  NO  synthase  (iNOS)  (1,8-10).  iNOS 
activity has frequently been reported in varicose 
veins (11). Varicocelectomy in infertile men have 
resulted  in  improved  levels  of  various  semen 
parameters and higher pregnancy rates; however, 
these results have not been conclusively proven. If 
oxidative stress decreases after varicocelectomy, 
it would mean that inhibition of NOS synthesis 
can improve the patient’s condition (12). Varicocele 
is  commonly  treated  with  varicocelectomy, 
but  because of the surgical risk involved and the 
chance  of  the  persistence  of  infertility,  patients 
are also offered the choice of non-surgical treatment 
with certain  drugs. Aminoguanidine  (AG), 
an  inhibitor  of  iNOS—is  believed  to  exert  its 
pharmacological  effects  by  inhibiting  iNOS 
isoforms (13, 14). AG is a compound structurally 
similar to l-arginine; it inhibits iNOS in a selective 
and competitive manner, leading to decrease 
NO  production  (15).  Moreover,  AG  shows 
antioxidant  and  free  radical  scavenging  proper-
ties; which are  especially  observed  in  peroxyni-
trite  (ONOO¯)  production  (15-17).  However, 
the influence of AG on varicocele has not been re-
ported yet. The aim of this study was to determine 
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(1) the time required for complete infertility resulting 
from  unilateral  varicocele  in  an  experimental 
varicocele  induction model in the rat, (2)  AG-induced     
improvement in the sperm quality in varicocelized 
rat, and (3) the effect of AG administration for 10 
weeks on the infertility of varicocelized rats. Therefore, 
the  sperm  parameters  and  the  mating  outcomes 
before and after AG administration were evaluated. 
MATERIAL  AND  METHODS
Animals and Varicocele Induction
A total of 72 adult male and female Wistar rats (300–
350 g) were maintained under standard laboratory 
conditions. After a week of acclimatization under a 12-h 
light:12-h dark cycle at 22 (2)ºC, they were mated to 
evaluate the mating outcome. Male rats were randomly 
divided into 6 groups (A, B, C, D, E, and F) with 6 
rats in each group. The rats in groups A, B, C, and D 
underwent left varicocele induction. Group E (sham) 
rats underwent a similar procedure, but varicocele was 
not induced. Group F rats were used as the control 
group. The sperm parameters of groups D, E, and F 
were evaluated 10 weeks after varicocele induction. 
Rats in groups A and B were intraperitoneally 
administered 50 mg/kg AG and placebo, respectively, 
daily for 10 weeks after varicocele induction. Group C 
rats were used for the evaluation of mating outcome.
Surgical Procedure
Left varicocele was experimentally induced in the 
rats of groups A, B, C, and D, as described by Turner 
(18). In brief, rats were weighed and administered 
general anesthesia with an intraperitoneal injection 
of ketamine (100 mg/kg body weight) and xylazine 
(1 mg/kg body weight) (19). Then, the left renal vein 
was dissected with a midline incision. Two knots 
were tied around the renal vein at a point medial to 
the insertion of the spermatic vein by using a 20-
gauge needle and a 4-0 silk suture. The needle was 
carefully removed, and the diameter of the left renal 
vein  was  reduced  by  approximately  50%  (8,  18) 
(Figure 1). The rats in group E (sham) underwent similar 
procedure except that no knots were tied around the 
needle and renal vein. rats of group F were used as 
controls. The animals in groups D, E, and F were 
sacrificed 10 weeks after operation, and the mating 
outcome was evaluated.
Treatment
Ten  weeks  after  surgery,  the  operated  animals  in 
group A received 50 mg/kg of AG (Sigma/Aldrich 
Chemical Co.) for 10 weeks. The drug was dissolved 
in  distilled  water  and  immediately  injected 
intraperitoneally.
 Fertility Rate Assay
All rats were mated with fertile female rats after 10 
weeks of varicocele induction for evaluation of   
mating outcome. Ten weeks later (i.e., 20 weeks after 
the operation), the fertility test was repeated for groups 
A (treated), B (placebo), and C (varicocele) again. The 
sperm parameters of groups D, E, and F were evaluated 
10 weeks after surgery, and groups A, B, and C were 
evaluated 20 weeks after varicocele induction. 
Sperm Collection
By laparotomy, the left and right caudal parts of the 
epididymis were carefully separated from the testes, 
minced in 5 ml of Hanks’ medium, and incubated 
for 15 min (8). The diluted sperm suspension (10 
ml) was transferred to the hemocytometer, and the 
settled sperm were counted with a light microscope 
at 400× magnification (million/ml) (20). 
Figure 1. Abnormal sperm morphology. A: Bent tail, B: Coiled 
tail, C: Bent neck, D: Flattened head, and E: Double head. 
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Assessment of Epididymal Sperm Parameters
Sperm motility
The motility assay was conducted by observing 
the sperm suspension on a slide glass at 37˚C. The 
percentage of motile spermatozoa was determined 
by counting more than 200 spermatozoas randomly in 
10 selected fields under a light microscope (Olympus 
BX51,  Germany),  and  the  mean  number  of 
motile sperm × 100/total number of sperms (8, 20) 
was calculated.
Sperm morphology
The  sperm  morphology  was  determined  by 
eosin/nigrosin staining. Ten microliters of eosin Y 
(1℅) and nigrosin was added to 50 µl of sperm
suspension. The prepared smear was used after 
incubation for 45–60 min at room temperature. In 
each field, 200 sperm were counted under a light 
microscope  (1000×).  The  sperms  were  classified 
on the basis of the following abnormalities: double 
head, flattened, bent neck, bent tail, and multiple 
abnormalities (21) (Figure 1). 
 Rate of the sperm vitality 
To  determine  sperm  vitality,  40  µl  of  freshly 
liquefied semen was thoroughly mixed with 10 µl 
of eosin Y (1℅), and 1 drop of this mixture was 
transferred to a clean slide. At least 200 sperms were 
counted at a magnification of 1000× under oil 
immersion. Sperms that were stained pink or red 
were considered dead, and those stained unstained 
were considered viable (22, 23) (Figure 2).
Statistical Analyses
All values were presented as mean (SD). One-way 
analysis of variance (ANOVA) and post-hoc Duncan 
test  were  performed  to  determine  the  differences 
among all groups with regard to all the parameters 
by using the SPSS/PC program (version 13.0SS). 
RESULTS
Assay of the rate of fertility
The  members  of  all  6  groups  were  still  fertile 
when they mated with female rats 10 weeks after 
operation. The pups were delivered within 25–30 
days. Ten weeks later (20 weeks after varicocele 
induction), groups A (treated), B (placebo), and 
C (varicocele) mated again. None of the females 
were impregnated after mating with male rats of 
groups B and C, but half of the rats of group A 
were fertile and hence able to impregnate female rats. 
Evaluation of Varicocele
All  rats  with  varicocele  showed  conspicuous 
dilatation of the left spermatic vein with blood 
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engorgement. In rats of groups F and E, no dilatation 
of the spermatic vein was observed (Figure 3).
Assessment of epididymal Sperm Parameters
The differences in sperm parameters between groups 
B and D (varicocele groups) were not significant. The 
sperm count, morphology, motility, and vitality of the 
left testis of rats of the varicocele group decreased 
significantly in comparison with those of groups E 
or F (sham and control) (P ≤ 0.05) (Table1). In group 
A (treated), the sperm parameters of the left testis 
improved significantly in comparison with those of 
the varicocele group (P ≤ 0.05) (Table1). However, 
no significant changes were recorded by comparison 
of the control and sham groups (Table1).
DISCUSSION
Clinical  or  sub-clinical  varicocele  has  been 
shown to cause male infertility (2). In such patients, 
the  ROS  levels  in  the  serum  in  testes  are 
increased (1). Increased nitric oxide levels have 
also  been  demonstrated  in  the  spermatic  veins 
of  patients with  varicocele  (10). Varicocele, 
which is the leading cause of male infertility, is 
associated with increased production of NO and 
production of spermatozoal ROS (17, 24, 25). 
It is well documented that the iNOS isoforms 
elicit a wide spectrum of effects on the function 
of the testes (8, 26). In this study, when AG was 
administered,  the  percentage  of  progressive 
motility was the main predictor of fertilization 
outcome. It was speculated that the relationship 
between sperm morphology and the results of in-
vitro fertilization depends on the effects of AG. 
Our results are in agreement with the previous 
reports on other antioxidant agents. A recent study 
using  dietary  vitamin  E  supplementation  showed 
significantly low level of superoxide and possibly 
decreased apoptosis in varicocelized rats (27). AG, 
as a specific iNOS inhibitor, is a potent inhibitor of 
NO  synthesis  in  all  tissues.  As  reported,  in 
traumatized peritoneal tissues, AG is easily absorbed 
it passes freely and prevents oxidative stress and 
conserves  mitochondrial  function  and,  it  has  low 
levels of toxicity (17, 28). Positive changes in the 
sperm quality in this study may be because AG 
directly  scavenges  hydroxyl  radicals  and  thereby 
inhibits  lipid  peroxidation  (29).  It  is  possible  that 
interference of AG with free radical generation could 
be one of the causes of the decline in varicocele repair. 
Although the concentration of NO in AG-treated rats 
was not determined in this study but as it has been 
reported, the action of AG is similar to that of 
l-arginine, which inhibits iNOS in a competitive manner, 
leading to a decrease in NO production (15). It is 
possible that this mechanism could have contributed to 
reduced levels of NO in AG-injected rats. Our find-
ing  suggests  that  intraperitoneal  administration 
of AG in varicocelized rat successfully increases the 
sperm quality (30). Although AG has been shown 
to  have  antioxidant  properties,  these  properties 
have  not been investigated in model rats in which 
varicocele was experimentally induced. When 
AG was administered to group A, the count, motility, 
vitality, and morphology of the sperm improved sig-









   Groups                Parameter
96 (2.6) 83 (5.4) 91 (3.45) 160 (2.2) Right Control
(F) 90 (1.2) 78 (6.82) 89 (3.2) 155 (3.5) Left
86 (3.4) 85 (4.33) 88 (4.88) 151 (8.2) Right Sham
(E) 91 (3.9) 77 (10) 86 (3.02) 140 (9.2) Left
85 (1.1) 67 (1.62) 84 (3.89) 145 (11.1) Right Varicocele
 (D) 70 (4.3)+ 46 (6.9)+ 64 (2.4)+ 83 (8.3)+ Left
83 (1.4) 71 (3.57) 85 (1.79) 141 (13.19) Right Treatment
(A) 81 (2)++ 69 (4.13)++ 80 (1.42)++ 132 (11.4)++ Left
Note. Results are presented as mean (SD).
+P ≤ 0.05 compared with groups E and F.
++P ≤ 0.01 compared with the varicocele-induced group.
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and D (not treated). The results are consistent with 
the data of Bahmanzadeh et al. When they injected 
NG-nitro-l-arginine  methyl  ester  (L-NAME) 
intraperitoneally  into  varicocelized rats, significant 
changes were observed in all the sperm parameters 
except  for  motility.  Under  certain  pathological 
conditions, such as varicocele, high NO production can 
cause  formation  of  a  highly  toxic  anion  of 
peroxidation  (peroxynitrite  ONOO¯)  and 
subsequently  reduce  sperm  motility  (30). 
Moreover,  AG  has  been  reported  to  have
peroxynitrite (ONOO¯) scavenger property (31). 
However,  the  significant  relationship  between 
sperm motility and NO production in testicular 
tissue is controversial. In a previous report, NO 
was found to reduce the ATP levels by inhibition 
of ATP synthase in cells; therefore, any reduction 
in the ATP content might result in poor sperm motility 
(23). Giardino et al. reported that AG acted as 
an antioxidant in vivo, preventing free radical 
formation and lipid peroxidation in cells and tissues 
and thus preventing oxidant-induced apoptosis 
(31). Experimentally induced varicocele results 
in an increase in the rate of formation of NO 
even  when  histopathological  damage is not 
observed (12). Administration of AG  in  this 
experiment  reduced  excessive  NO  formation  in 
varicocelized  rats.  In  previous  experiments,  the 
rats remained fertile 10 weeks after induction of 
varicocele. However, they became infertile after 
20 weeks.  These results confirm that unilateral 
varicocele  affect  fertility  only  10  weeks  after 
varicocele induction, and that complete infertility 
occurs only after a minimum of 5 months after 
varicocele induction. After injection of AG for 10 
weeks, half of the rats in the treated group could 
impregnate  the  female  rats.  It  seems  that  other 
factors may be involved in infertility following 
varicocele induction.
CONCLUSION
In the current study, the fertile varicocelized rats 
became infertile 5 months after varicocele induction. 
Intraperitoneal  administration  of AG  significantly 
minimized the damage to the sperm, and rats regained 
their fertility. The results of this study may support 
the hypothesis that reduced oxidative damage resulting 
from AG treatment and the protective actions of AG 
are consequences of direct and indirect antioxidant 
activities.  Therefore, AG  could  be  useful  for  the 
treatment of varicocele and possibly other clinical 
conditions involving excess free radical production. 
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